replacement. They distinguish between what they call relative and absolute
replacement."
. 1
Relative Replacement "In relative replacement, animals are still required, though [ ... ] (Rus sell and Burch, 1959/1992) . Relative replacement may include: "non-recovery experiments on living and intact but completely anesthetized animals" ; "experiments in which animals are still required but only to furnish prepara tions after being painlessly killed"; and "work on the isolated cells, tissues, or organs of vertebrates" (Russell and Burch, 1959/1992 ) . The Institute for Labora tory Animal Research (ILAR) (ILAR, 2011, p. 5) 
refers to relative replacements as "replacing animals such as vertebrates with animals that are lower on the phy logenetic scale". ILAR is not unique in its deviation from Russell and Burch's definition, as it appears common for species of "lower sentience" to be consid ered as (relative) "replacements", without any obvious consideration or discus sion of what less sentient means or what evidence it is based on. This is perhaps one of the reasons why, in recent years, zebrafish have been promoted as an al ternative, as the following example shows: "another 3Rs approach involves the replacement of more sentient vertebrates with animals thought to have a low
er potential for pain perception, such as the amoeba Dictyostelium discoideum, fruit fly Drosophila melanogaster and zebrafish" (Tanner and McShane, 2016 1 p. 3) . The examples that Russell and Burch gave of species they considered to be replacements ("the more degenerate metazoan endoparasites") were included because they believed "that they are completely non-sentient, not because they are less sentient" (Tannenbaum and Bennett, 2015, p. 127 ) .
. 2
Absolute Replacement "Turning to absolute replacement, we may distinguish four main subdivi sions: the use ( outside the vertebrate body) of metazoan endoparasites; higher plants; microorganisms (protozoa, bacteria, molds, etc.) ; and nonliving physi cal and chemical systems. First, there is the study of metazoan endoparasites ( nematodes, cestodes, and trematodes) in vitro, as opposed to their study in the living vertebrate host" (Russell and Burch, 1959/1992) . Provisions were still made in The Principles for the use of members of the animal kingdom with in absolute replacement, whereas the more widely accepted opinion now is that no animal or animal-derived material be involved ( Gunatilake, 2016; Lid bury and Richardson, 2012 Testing, n.d. ) . However, even using mammals is not always ruled out. The UK Government has referred to transgenic mice being used "to replace non-human primates" in oral polio vaccine safety tests (Home Office, 2014, p. 14) . The EU-funded, RETHINK project evaluated the potential for minipigs "as an alternative approach" to using dogs and non-human primates in regu latory toxicity testing that can contribute to the 3Rs. Although the argument was made that this met the criteria for refinement, Forster et al. (2010) (European Commission, 2013, p. g ). In the United Kingdom, fish are the second most used animals after mice (Home Office, 2015, p. 11) . Zebrafish (Danio rerio) have been the focus of much attention, and they now account for 50% of all fish used in UK laboratories, partly due to the avail ability of genetically altered zebrafish for use in basic and applied biomedical research (Home Office, 2015, p (Reed and Jennings, 2011, p. 14; maintenance costs are less than 1/1,oooth of the cost for mice); and a pair of zebrafish can produce 100-300 eggs per week, making their emb ry os a "suitable model" for high throughput screening (van Vliet, 2011, p. 24) . Zebra fish have now become established as a "widely accepted relative replacement model" (Gunatilake, 2016) .
. 23). A major reason for the increase in the use of zebrafish is their reduced cost compared to mammals
Researchers at the University of British Columbia reviewed existing litera ture on public acceptance of using particular species in laboratories and found that fish and invertebrates were "typically rated below mammals, and, as such, are often considered an appropriate replacement for mammals in research" (Ormandy, Schuppli and Weary, 2012, p. 321) . Although their own study found that when the research was deemed to cause pain to zebrafish ( specifically when it came to ENU mutagenesis) survey participants objected to it (p. 331), it may explain why even some in vitro organizations promote the use of zebrafish ( Gunatilake, Busquet and Akbarsha, 2014; M'Barek et al., 2015 ) . Sweeping state ments are often made in support of using fish instead of mammals in research, with no real attempt to back them up. Planchart et al. (2016, p. 435) (Nicholls, 2012 ) .
In the UK, the Royal Society for the Prevention of Cruelty to Animals (RSPCA) has highlighted concerns over zebrafish use in research (Reed and Jennings, 2011) (Balls, 1994, p. 197 
6.3
Body Parts Animal parts used as "alternatives" to animal testing ( or classed as a "non-animal method" (Clippinger et al., 2016) Co-operation and Development, 2017) (IRE) (Carere, Wood and Mather, 2011) (Fiorito et al., 2014, p. 15 (Park et al., 2005) . The rabbit test involves inject ing the test substance into the ears of three rabbits (wHo, 2016) . However, the LAL assay uses blood cells from the horseshoe crab, with up to 30% mortality due to bleeding (Leschen and Correia, 2010, p. 144 ) . Russell and Burch (1959/1992) stated that replacement means using com pletely insentient material, animal or non-animal. Tannenbaum and Bennett ( 2015, p. 127) 
, include the eyes of animals slaughtered for consumption. Examples are the Bovine Corneal Opacity and Permeability as say (BCOP ), seen as a substitute for the Draize eye irritation test that uses live rabbits (in which a substance is instilled into one of the rabbit's eyes to as sess inju ry for up to 21 days). The BCOP test method can be used to identify chemicals causing serious eye damage. The OECD (Organisation for Economic

states that the test "uses isolated cor neas from the eyes of cattle slaughtered for commercial purposes, thus avoid ing the use of laborato ry animals". Along with the isolated chicken eye ( I c E) and Isolated Rabbit Eye
6.5
Animal-based Sera Fetal calf serum ( also known as fetal bovine serum) is the most widely-used serum supplement for in vitro cell culture (Seralab, 2017) . Bovine fetal blood is collected by cardiac puncture, performed by inserting a needle directly into the heart of the unanesthetized fetus in a specially provided area in the slaughter house (International Serum Industry Association, 2017 ) . Other products are sold as a lower cost alternative and for veterinary vaccines, such as horse, goat, rab bit, porcine, and chicken serum (Thermo Fisher Scientific, 2017 Jochems et al. (2002) Oredsson (2013) , a researcher at Lunds University, stated that, "The very use of fetal calf serum actually defeats the purpose of using cell culturing as replace ment for animals in research". Jochems et al. (2002, p. 13) similarly argue that, "The thought that cell culture techniques requiring FBS are a replacement to the use of animals is a misconception."
6.6
Antibodies Traditionally, antibodies against a specified target are produced by injecting the antigen into an animal and initiating an immune response (Afability, 2017 Gray et al. (2016) ( Groff, Brown and Clippinger, 2015, p. 1788) ; and sci entists are being encouraged to use the non-animal affinity reagents that are available.
note that, although the extracted antibodies are incorporated into an in vitro test, this traditional method is not a replacement of animal testing but simply buries the animal use "several lay ers deep in the production process, and our ultimate aim, to replace needless animal use, is not achieved" (p. 961). Gray and colleagues have called for the proper implementation of Directive 2010/63/EU, which requires that animals not be used when a non-animal alternative exists. They also recommend that the European Union Reference Laboratory for Alternatives to Animal Test ing (EURL ECVAM) extends its activities to include the production of animal friendly affinity reagents (AFAs) and their subsequent use (p. 967 ). In addition, there are reported concerns about the quality and unreliability of commercial, animal-derived antibodies
6.7
Tis sues Living material for vertebrate tissue culture has to be obtained from animals or humans. Although it may be sourced from animals killed for food (which, in itself, is an ethical issue to consider) , it is more likely to be obtained from animals specifically-bred and killed for the purpose because of requirements, such as a sterile technique (Balls, 1994, p. 197 Taylor et al. (2008, p. 331) A review of companies manufacturing antimicrobial cleaning products to discover why so few were submitting non-animal data for regulato ry purposes (Clippinger et al., 2016 (Lush Prize, 2016 Tannenbaum and Bennett ( 2015, p. 120) commented, Russell and Burch did not see their writings as the final word on this but "a foundation for future developments".
